The goal of this study is to analyse the publications on mathematics anxiety to contribute to the development of the related literature. A total of 537 papers on mathematics anxiety published in various databases of Web of Science between 2000 and 2018 years were retrieved and analysed through bibliometric analysis approach. Bibliographic coupling of the source, the authors, the countries, the institutions, the publications and co-occurrences of the author keywords were analysed and visualised through VOS Viewer software. Maths anxiety has been studied frequently with the concepts of anxiety, motivation, self-efficacy, self-concept, maths performance, maths achievement, gender-related differences, test anxiety, working memory, arithmetic, mental arithmetic, and numeracy. Frontiers in Psychology and Learning and Individual Differences have been the top journals, and the University of Chicago has been the most influential institution, and the USA has had a significant prevalence in this area.
INTRODUCTION
Mathematics anxiety can be defined as feelings of fear, tension, and apprehension that some people feel when dealing with mathematical issues (Ashcraft, 2002) . Maths anxiety has serious psychological and psychosomatic symptoms that might sometimes be difficult to overcome for most of the individuals (Pletzer, Kronbichler, Nuerk, & Kerschbaum, 2015) . There are many research studies demonstrating the negative effect of maths anxiety on maths performance and maths achievement (Ma, 1999) . Most of the scholars in this area argue that the adverse impact of maths anxiety on maths performance is mediated by a transient reduction in the cognitive resources (i.e., working memory) that everyone needs to complete the cognitive tasks in maths (Ramirez, Shaw, & Maloney, 2018) . Pletzer et al. (2015) found evidence that high mathematics anxiety levels reduce the neural efficiency of the individuals and thus they are not able to effectively use the cognitive resources that they need to operate for maths success. Sarkar, Dowker, and Kadosh (2014) proved that the students who can overcome their affective concerns stemming from maths-anxiety could improve their working memory efficiency and maths performance.
Many researchers included investigation of the causes of mathematics anxiety in their research. Wang et al. (2014) presented evidence that maths anxiety can be taken up as a part of the trait anxiety and some genetic factors play an important role along with various environmental factors in the development of maths anxiety. Ma and Xu (2004) and Gunderson, Park Maloney, Beilock, and Levine (2018) found evidence that poor maths skills and lower levels of maths achievement have adverse effects on students' self-efficacy levels and cause them to develop maths anxiety. Maloney, Ramirez, Gunderson, Levine, and Beilock (2015) found that parents with high levels of maths anxiety trigger their children to develop maths anxiety. High-maths-anxious teachers can also trigger their students to develop maths anxiety as it was proven by Markovits (2011) and Ramirez, Hooper, Kersting, Ferguson, and Yeager (2018) .
If the parents provide firm support and hold high parental expectations, they can reduce their children's maths anxiety and increase their math achievement (Vukovic, Roberts, & Green Wright, 2013) . If teachers and parents
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boost the maths motivation levels of anxious students and give them appropriate appraisal cues, they can overcome the cognitive and affective antecedents of anxiety and increase their maths performance (Wang et al., 2015) .
The goal of this study is analysing the characteristics of the publications on maths anxiety to contribute to the development of the literature in this area. Bibliometric analysis was used to analyse the aspects of these publications. The term bibliometrics means the application of quantitative methods to any kinds of resources in an area of research (Pritchard, 1969) . Using this approach, it is possible to comprehend various features of the publications in a field by categorising them according to their sources, countries of origin, authors, citations, affiliated institutions, keywords, and topics. Employing more advanced analysis techniques, we can create a map based on bibliographic data, such as mapping of co-authorship, co-occurrences of keywords, co-citations, and bibliographic coupling of sources, authors, citations, institutions, and countries.
Extracting the numbers and the citations of publications, which is among the most important indicators of academic performance, enables comparison between specific institutions, countries, authors, and journals. Bibliometrics employ specific patterns of selected publications to analyse these patterns quantitatively. It is possible to use both descriptive and evaluative methods to analyse publications in this approach. Descriptive methods are simpler than evaluative methods and are used only to describe the characteristics of publications e.g. the numbers and citations of publications according to the authors, institutions, sources, countries. Evaluative methods make possible more complex comparisons and determine the impact of publications while the descriptive methods allow only unilateral and straightforward comparisons (McBurney & Novak, 2002) . Using evaluative methods, it is possible to extract co-citation maps, co-authorship maps, co-occurrences of keywords, citation maps, or bibliographic coupling of documents, sources, authors, organisations, and countries.
In this study, Web of Science (WoS), which is the leader of the scientific information in the world, was used as the primary source of information. The scientific data in WoS enables the researchers to use both descriptive and evaluative analysis methods. Social Sciences Citation Index (SSCI), Science Citation Index (SCI) Expanded, Arts and Humanities Citation Index (AHCI), and Emerging Sources Citation Index (ESCI) were among the most important databases in WoS Core Collection containing thousands of prestigious journals from all around the world. These databases were used in this study to download and analyse the related information.
METHODOLOGY AND MATERIAL
To retrieve all the publications on mathematics anxiety, WoS was searched on 23rd of November 2018 for the research items published between 2000 and 2018 years. The keywords of math anxiety mathematical anxiety, and mathematics anxiety were entered into the topic field and these keywords were searched in the author keywords, keywords plus, titles, and abstracts of the publications. Social Sciences Citation Index (SSCI), Science Citation Index (SCI) Expanded, Arts and Humanities Citation Index (AHCI), and Emerging Sources Citation Index (ESCI) were selected as the Citation Indexes in Web of Science Core Collection. Among the document types, meeting abstracts, proceedings papers, corrections, new items, and letters were excluded from the study, because some of those items prevented us from seeing the impact of top journals. After excluding the publications that are unrelated to the topic of math anxiety, a total of 537 documents were extracted. 512 of them were articles, 18 of them were reviews, 7 of them were editorial materials, and 2 of them were book chapters.
The selected papers belonged to these categories of WoS; Education and Educational Research (178 items), Educational Psychology (91 items), Multidisciplinary Psychology (78 items), Experimental Psychology (43 items), Developmental Psychology (29 items), Neurosciences (28 items), Multidisciplinary Sciences (20 items), Psychology (19 items), Education Scientific Disciplines (18 items), Social Psychology (17 items), Clinical Psychology (15 items), Behavioral Sciences (13 items), Communication (11 items), Psychiatry (9 items), Special Education (8 items), Applied Psychology"(7 items), Biological Psychology (7 items), and there are some of other categories with smaller numbers.
The bibliometric analysis approach was used in this study along with bibliometric visualisation methods. The research trend and characteristics of publications in a specific area can be explored quantitatively through bibliometric analysis method (McBurney & Novak, 2002) . There are several bibliometric visualisation tools to
Contribution of this paper to the literature
• The purpose of this study is to analyse the characteristics of the publications on mathematics anxiety in order to contribute to the development of the literature in this area.
• The hottest topics in the most recent literature have been mathematical anxiety, arithmetic, numeracy, and math performance.
• The number of publications increased significantly starting from 2012 year and reached the highest level in 2017 year.
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3 / 12 manifest a structural outline of an area of research (Garfield, 2009) . VOSviewer is among the most popular computer software including various visualising techniques (Eck & Waltman, 2010 , 2014a , 2014b Eck, Waltman, & Glanzel, 2017) . In this paper, VOS Viewer software was employed to collect, analyse, and visualise the bibliographic data. The bibliographic coupling of the sources, the authors, the countries, the institutions, the publications and cooccurrences of the author keywords were analysed and visualised.
Publication records and the percentages of the publications by publication years are presented in Table 1 . The results show that the number of publications differs from year to year and there is a meaningful increase in the number of publications starting from 2012 to the year 2017 has the highest number and 2005 has the lowest number of publications. The publications before 2000 were excluded from this study to focus on the recent trends of this area. There were a small number of publications before 2000, and they were divided into years unsteadily; however, some of them had high citation records. If they were not excluded, they would have prevented the impact of the latest publications being revealed.
RESULTS
In this part of the paper, descriptive and evaluative analysis results are presented. Bibliographic coupling of the sources, co-occurrences of the author keywords, the bibliographic coupling of the authors, bibliographic coupling of the countries, bibliographic coupling of the institutions, and bibliographic coupling of the publications were extracted through VOS Viewer software.
Bibliographic Coupling of the Sources
The bibliographic coupling of the sources has been shown with density visualisation in Figure 1 . Only the sources that have at least five publications have been included in this study. Of the 284 sources, 13 met the threshold. For all the journals, bibliographic coupling links total strengths were calculated. First two were Frontiers in Psychology and Learning and Individual Differences. Both of them have the same number of documents (31), the second one has more citations (577) than the first one (184) and the first one has more total link strength (8676) than the second one (7560). For each journal, the first numbers are the numbers of publications, the second ones are the numbers of citations, and the third ones are their total link strengths: Frontiers in Psychology (31; 184; 8676) Science and Technology (5; 25; 690) . The scope of most of those journals in psychology and only three of those journals are focusing on science and maths education. 
Co-Occurrences of the Author Keywords
Co-occurrences of the author keywords have been shown in Figure 2 . Only the keywords that occurred at least ten times were included in the analysis. Of the 1062 terms, 20 keywords met the threshold. For all the keywords, the co-occurrence links' total strengths were calculated related to the other keywords. Math anxiety was the strongest keyword with 117 occurrences and 77 total link strength. Math anxiety is the most preferred phrase to express this concept. Not only in the author keywords, but it is also much more frequently used in the titles and abstracts of the related publications than the concepts of mathematics anxiety and mathematical anxiety. 
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The analysis yielded four clusters for the keywords. Each cluster shows the most co-occurred keywords that are connected. For all the keywords, the first numbers are the numbers of occurrences and the second ones are the total link strengths. There are 6 items in the first cluster: These are: anxiety (46; 61), achievement (11; 13), mathematics (32; 32), motivation (16; 15), self-efficacy (28; 43), and self-concept (14; 28). There are 6 items in the second cluster: working memory (41; 57), arithmetic (10; 16), mathematical anxiety (16; 9), mental arithmetic (13; 15), numeracy (10; 11), and test anxiety (15; 17). There are five items in the third cluster: math anxiety (117; 77), gender (22; 32), gender differences (13; 12), math achievement (11; 13), and math performance (10; 15). There are three items in the fourth cluster: mathematics anxiety (96; 49), mathematics achievement (22; 24), and mathematics education (13; 15). In Figure 2 , the different colours show the publication dates of the related works in which these keywords cooccurred. This figure shows that the hottest topics in the literature are mathematical anxiety, arithmetic, numeracy, and math performance.
Bibliographic Coupling of the Authors
Bibliographic coupling of the authors has been illustrated in Figure 3 . Each author had at least eight publications to be included in the analysis. Of the 1133 authors, 12 met the thresholds. For each author, bibliographic coupling links' total strength was extracted concerning the other authors. The first author was S.L. Beilock. (from the University of Chicago, the USA) with 23 publications, 943 citations, and 10135 total link strength. For all the authors, the first numbers are the numbers of publications, the second ones are the numbers of citations, and the third ones are their total link strengths. The other authors are: .E.A. Maloney (from University of Chicago, the USA) (15; 398; 7712), G. Ramirez (from University of Chicago, the USA) (13; 532; 6916), S.C. Levine (from University of Chicago, the USA) (13; 564; 6266), M.I. Nunez-Pena (from University of Barcelona, Spain) (12; 135; 5688), M. Suarez-Pellicioni (from University of Barcelona, Spain) (12; 135; 5688), D. Szucs (University of Cambridge, England) (9; 156; 4898), A. Devine (University of Cambridge, England) (8; 156; 4774), I.C. Mammarella (University of Padua, Italy) (8; 55; 4398), E.A. Gunderson (Temple University, the USA) (9; 468; 4241), H.C. Nuerk (University of Tubingen, Germany) (8; 51; 3097), M. Baloglu (Hacettepe University, Turkey) (8; 105; 1333). The most important four authors in this area are Figure 3 show the publication years of the items written by these authors. The results show that I.C. Mammarella, A. Devine, and D. Szucs authored the most recent publications in this area of research. These three authors from Italy and England formed a research team and co-authored many publications recently in the area of maths anxiety.
Colours in
Bibliographic Coupling of the Countries
Bibliographic coupling of the countries has been illustrated in Figure 4 with overlay visualisation. Only the countries that have at least ten publications have been included in this analysis. Of the 52 countries, 13 met the threshold. For each country, bibliographic coupling links' total strength was calculated concerning the other countries. With a significant difference, the top country in this list was the USA with 220 publications, 4774 citations, and 94394 total link strength. For the other countries, the first numbers are the numbers of publications, the second ones are the numbers of citations, and the third ones are their total link strengths. The other countries were; England (56; 614; 47828), Germany (39; 637; 28108), Spain (38; 199; 26630), Canada (29; 585; 23450), Turkey (45; 210; 20190), Italy (18; 122; 20111) , Australia (28; 553; 17602), Israel (13; 101; 13741) , Austria (14; 151; 12104) , Netherlands (10; 170; 9228), People's Republic of China (10; 215; 7458), and Singapore (10; 175; 4932) . Colours in Figure 4 show the years of publications regarding the countries of origin. The results show that England, Italy, Netherlands, Spain, and Israel have the most recent publications in this area. 
Bibliographic Coupling of the Institutions
Bibliographic coupling of the institutions has been illustrated in Figure 5 with overlay visualisation. Only the organisations that have at least seven publications been included in the analysis. Of the 510 organisations, 14 met the threshold. For all the organisations, bibliographic coupling links' total strengths were calculated in respect of the other organisations. University of Chicago (USA) has been the top organisation with 29 publications, 1004 citations, and 8839 total link strength. University of Cambridge (England) was the second with 14 publications, 196 citations, and 7137 total link strength. The other universities are as follows (consecutively, the first number shows the number of publications, the second one shows the number of citations, and the third one shows the total link strength): University of Barcelona (Spain) (13; 135; 4670), University of Padua (Italy) (8; 55; 4582), University of Oxford (England) (9; 236; 3937), University of Haifa (Israel) (7; 57; 3717), University of California, Los Angeles (USA) (7; 106; 3574), University of Tubingen (Germany) (8; 39; 3244), Stanford University (USA) (8; 141; 3094), Queen's University Belfast (Northern Ireland) (9; 53; 3089), University of Western Ontario (Canada) (9; 311; 2663), University of Munich (Germany) (8; 438; 1617), University of Konstanz (Germany) (7; 256; 1395), and Gaziosmanpasa University (Turkey) (7; 84; 1346). In this list, there are three universities from the USA, three universities from Germany, two universities from England, and a university from each of those countries: Spain, Italy, Turkey, Canada, and Northern Ireland. Different colours in Figure 5 stand for the publication years of the items originated from those institutions. The results show that the most recent publications in math anxiety originated from these four universities: University of Cambridge (England), University of Padua (Italy), University of California, Los Angeles (USA), and Queen's University Belfast (Northern Ireland).
Bibliographic Coupling of the Publications
Bibliographic coupling of the publications has been illustrated with network visualisation in Figure 6 . Only the publications that have at least 100 citations been included in the analysis. Of the 537 documents, 12 met the threshold. For each publication, bibliographic coupling links' total strength was calculated concerning the other publications. Ashcraft and Kirk (2001) was the strongest publication with 404 citations and 26 total link strength. The second and the fourth ones were first authored by Ashcraft: Ashcraft (2002) and Ashcraft and Krause (2007) . For all the publications, the first number represents the publication year, the second one is the number of citations, and the last one is the total link strength. The other publications are listed consecutively; Ashcraft [2002; (247; 28) ], Beilock, Gunderson, Ramirez, and Levine [2010; (192; 19) ], Ashcraft and Krause [2007; (148; 20) ], Frenzel, Pekrun, and Goetz [2007; (137; 27) ], Goetz, Frenzel, Pekrun, Hall, and Lüdtke [2007; (130; 28) ], Gunderson, Ramirez, Levine, and Beilock [2012; (115; 21) ], Martin and Marsh [2008; (112; 18) ], Ma and Xu [2004; (107; 24) ], Ferla, Valcke, and Cai [2009; (103; 20) ], Imbo and Vandierendonck [2007; (101; 17) ], and Lee [2009; (100; 34) ]. 
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The software categorised the publications within three clusters in which the publications are linked with each other at the highest level for the items in other clusters. These clusters are shown in Figure 6 in different colours. Although there are a few exceptions, the publications in each cluster shows the publications co-authored by the same scholars. Ferla et al. (2009 , Goetz et al. (2007) , Lee (2009), and Martin and Marsh (2008) are in the first cluster. Ashcraft and Kirk (2001) , Ashcraft (2002) , Ashcraft and Krause (2007) , and Imbo and Vandierendonck (2007) are in the second cluster. Beilock et al. (2010) , Gunderson et al. (2012) , and Ma & Xu (2004) are in the third cluster.
The top article in this field is Ashcraft, M. H., and Kirk, E. P. (2001) . In this research paper, the authors reported the results of three different experiments that examined the cognitive consequences and correlates of mathematics anxiety. The results showed that persons who suffered from a high level of maths anxiety had smaller working memory spans, especially at the computation-based span tasks. When working memory capacity reduced, reaction time and errors increased during the experiments. The same reduction occurred at the working memory-intensive transformation tasks. Besides, maths anxiety had a negative effect on online performance in maths-related tasks because of a transitory disruption of working memory. The authors explained the underlying mechanisms that caused a disruption of central executive processes and developed recommendations about maths anxiety, working memory capacity, and functioning.
The second most influential publication in this field is Ashcraft, M. H. (2002) . This review paper attempts to define the concept of maths anxiety and to clarify the relationships between maths anxiety, maths competence, and cognitive consequences of this problem. He stated that highly maths-anxious students are inclined to avoid maths in a way that reduces their levels of maths competence and maths achievement. Maths anxiety has a negative effect on cognitive processing through its destructive effects on working memory. There are pieces of evidence that the teaching styles of the educators are among the important factors that increase maths anxiety, yet there is an ambiguity in the literature on the specific causes of maths anxiety. The author stated that there is a gap in the literature on the origins of maths anxiety and its effects on brain activity need to be explored in detail including both its cognitive and emotional dimensions.
The third most influential publication in this field is Beilock et al. (2010) . This research article showed that individuals' fear and anxiety about doing math have a negative effect on their maths achievement. More specifically, this article proved that female elementary school teachers' maths anxiety carries negative outcomes to their female students by decreasing their maths achievement. They proved that female teachers' anxieties have a negative effect on female students' beliefs on their capability of maths and their negative beliefs decrease their maths achievement. This was a widespread problem in the USA since most of the early elementary school teachers were female in this country. The first and second-grade female teachers were asked to complete maths anxiety scales. The researchers also assessed the maths achievement of their students. While there was not any relationship between these teachers' maths anxiety and their students' maths achievement at the beginning of the academic year, the girls' maths achievement levels decreased by the end of the year because of their endorsement of the stereotype that "girls are worsethan boys in math".
DISCUSSION
In this study, a bibliometric analysis approach was used to retrieve and analyse the publications on mathematics anxiety. SSCI, SCI-Expanded, AHCI, and ESCI databases of WoS were searched for this purpose. The bibliographic data was analysed using evaluative techniques and visualised through VOS Viewer. Bibliographic coupling of the sources, co-occurrences of the author keywords, the bibliographic coupling of the authors, bibliographic coupling of the countries, bibliographic coupling of the institutions, and bibliographic coupling of the publications were analysed and visualised.
